We examined the relationship among objective measures of body composition, lower extremity strength, physical activity, and walking performance and determined whether this interaction differed according to walking ability. Participants were 126 adults ages 60-91 yr. Stepwise multiple regression analysis showed that the 30-s chair stand test (30sCST), appendicular lean mass index (aLMI), body mass index, and age were independent contributors to walking performance, explaining 44.3% of the variance. For slower walkers, appendicular fat mass index (aFMI), moderate to vigorous physical activity (MVPA), 30sCST, and aLMI (r 2 = .49, p < .001) largely explained variance in walking performance. For faster walkers, aFMI and aLMI explained 31.4% (p < .001) of the variance. These data suggest that both fat and lean mass are associated with walking performance in higher-and lower-functioning older adults, whereas MPVA and muscle strength influence walking ability only among lower-functioning older adults.
Aerobic capacity and exercise tolerance are the most commonly used indices of functional capacity in old age. Existing evidence supports that the age-related decline in aerobic capacity often adversely affects mobility and quality of life (Chodzko-Zajko et al., 2009 ). Thus, as life expectancy continues to rise, prevention or postponement of age-related decline in functional fitness is now highly relevant from a public health point of view.
The 6-min walk test (6minWT) is a functional walk test and a valid alternative to maximal cycle ergometry and treadmill exercise tests (Peeters & Mets, 1996) , evaluating exercise capacity at levels reflecting the ability to undertake day-to-day activities (Solway, Brooks, Lacasse & Thomas, 2001 ). Several modifiable factors may influence walking ability, such as body composition and muscle strength. Previous cross-sectional studies have demonstrated a strong association between low muscle strength and decreased walking ability in the elderly (Visser et al., 2005; Visser et al., 2002) . Despite some studies suggesting an association between body mass index (BMI) and declining functional ability among older adults (Apovian et al., 2002; Bannerman et al., 2002) , conflicting results have been reported as to whether fat mass (FM) or lean mass (LM) has the stronger association with physical function in the aged (Jankowski et al., 2008; Reid, Naumova, Carabello, Phillips & Fielding, 2008) . The number of publications using BMI as an index of obesity is large, and this metric has been used along with body height and body weight to examine the influence of the anthropometric domain in physical function (Bannerman et al., 2002; Camarri, Eastwood, Cecins, Thompson & Jenkins, 2006) . Of note, body composition assessments by dual-energy X-ray absorptiometry (DXA) allow separation of the body mass into bone mass, FM, and LM and estimation of regional body composition, and have been validated in older adults (Chen et al., 2007; Salamone et al., 2000) .
Given the variety of possible factors that influence mobility, several independent and modifiable predictors have been studied for their ability to counteract the deleterious effects of the aging process, including physical exercise. The benefits of exercise relative to age-decreased functional capacity have been established (Carvalho, Marques & Mota, 2008; Latham, Bennett, Stretton & Anderson, 2004; Moore-Harrison, Speer, Johnson & Cress, 2008) , with results suggesting that the advantages of exercise training on cardiovascular health in this population include improved VO 2max , walking ability, and lipid profile (Fahlman, Boardley, Lambert & Flynn, 2002; Mosca et al., 2004) .
On the other hand, the influence of habitual physical activity (PA) in the activities of daily living domain, including walking ability, may be an important component of physical function, although this relationship has been less studied. Accelerometry allows objective measurement of PA by the use of a motion sensor that records both the number and magnitude of vertical accelerations generated by human movement, and it has been used and validated in older people (Copeland & Esliger, 2009; Harris et al., 2009; Miller, Strath, Swartz & Cashin, 2010; Pruitt et al., 2008) . However, the large body of literature to date has included PA only as a potential confounding variable, and methods for accessing PA are commonly self-administered questionnaires or home interviews (Janssen, Heymsfield & Ross, 2002) ; some studies offer no data regarding PA level (Apovian et al., 2002; Bannerman et al., 2002) . Furthermore, most studies have also used self-reported measures to establish functional status (Bannerman et al., 2002) . Consequently, using direct measures to assess specific factors that influence walking ability has become increasingly important for optimizing appropriate intervention strategies and reinforcing the accruing body of literature, as more objective measures may result in different conclusions.
Therefore, the main purpose of this study was to examine the relationship between objective measures of body composition, lower extremity strength, PA, and walking performance in older adults. In addition, the study also aimed to determine the relationships among slow and fast walking performance and body composition, PA, and lower extremity strength.
Materials and Methods

Participants and Experimental Design
Participants were recruited through advertisements in Porto (Portugal) area newspapers for participation in this university-based study. The eligible participant pool was restricted to older adults with the following characteristics: ages 60-95 yr, community-dwelling status, lack of diagnosed or self-reported cardiovascular, pulmonary, metabolic, renal, hepatic, or orthopedic medical conditions, free of medications known to influence physical performance, and lack of involvement in water-based activities.
On the initial screening visit, all participants (95 women and 40 men, mean age 70.1 ± 6.6 yr) received a complete explanation of the purpose, risks, and procedures of the investigation, and provided written informed consent. Each volunteer underwent a medical evaluation that included a comprehensive clinical personal and family health history examination, a resting electrocardiography (ECG; SH-6340 DAAR, Shiller), and blood-pressure measurement. Moreover, participants completed a self-administered questionnaire to assess current and past PA, menopause status, current and previous use of hormone replacement therapy, and smoking habits. Following these assessments, nine potential volunteers were excluded because of medical reasons (orthopedic medical conditions that contraindicated participation in exercise testing) or current involvement in water-based activities, and the remaining volunteers received medical clearance to participate in the testing sessions. All participants were nonsmokers and free of hormone therapy use for at least 2 years. Approximately 40% were taking routine medications for hypertension, cholesterol, or anxiety; 36% were engaged in regular exercise training (≥3 d per week); 47% were considered very low active (<3 hr per week of light activity); and 17% were inactive (0 hr of physical exercise). Table 1 lists the participant characteristics.
The investigation was in full compliance with the Helsinki declaration, and all methods and procedures were approved by the Institutional Review Board. Data were collected from January to March 2008. 
Measurements
All measurements were performed by the same evaluator on each test, at the faculty facilities, on two occasions: At the first assessment, participants completed the body composition and physical performance tests (except the 6minWT) and were instructed to use the accelerometer. The second evaluation took place seven or more days later (to allow seven full days of recording), and participants completed the 6minWT at the second assessment (dependent variable). All test stations were organized in a circuit, and the same conditions were maintained for each test.
Body Composition. Whole-body bone mineral free LM, FM, percent body fat, and total body bone mineral density (BMD) (g/cm 2 ) were determined by DXA (Hologic QDR 4500A, Hologic Inc., Waltham, MA, USA). All scans were performed by the same technician using standard procedures as described in the Hologic Users Manual. LM, FM, and percent fat mass were also measured for the appendicular skeleton as the sum of LM and FM in arms and legs and were determined using a region of interest program. For the purpose of this analysis, the appendicular LM index (aLMI) and appendicular FM index (aFMI) were calculated by dividing aLM by height (m) squared
Height and body mass were recorded using a portable stadiometer and balance weighing scales, respectively. BMI was calculated using the standard formula: body weight (kg)/height 2 (m).
Definition of Obesity. Participants were classified as obese if their percentage body fat was above the 60th percentile of the study sample, as proposed by Baumgartner et al. (2004) . For men, this cut-point was 28.3% FM; for women, it was 40.7% FM. Of note, these cut-points were similar to values previously reported: 28% (men) and 40% (women) (Baumgartner et al., 2004) .
Walking Ability. Walking performance was measured using the 6minWT (Rikli & Jones, 1999a) . Participants were asked to walk as fast as possible for 6 min with verbal encouragement given throughout the test. The score was the total distance walked in 6 min along a 45.70-m rectangular course, which was marked every 4.55 m. For the purpose of this analysis, participants were classified as slower or faster walkers based on the median 6minWT distance (m) adjusted for sex, because performances on the 6minWT for older men and women were significantly different.
Chair Stand Performance. Lower extremity muscle strength was measured using the 30-s chair stand test (30sCST) (Rikli & Jones, 1999a) . Participants sat with arms crossed at the wrists and held against the chest in a chair 43 cm high and were asked to stand up as many times as possible within 30 s. The score was the total number of stands executed correctly within 30 s.
Physical Activity (PA). The Actigraph GT1M accelerometer (Manufacturing Technology Incorporated, Fort Walton Beach, FL) was used as an objective measure of daily physical activity, using a 15-s measurement interval (epoch). All participants agreed to wear an accelerometer for seven consecutive days and were instructed to wear the device over their right hip using an adjustable nylon belt. Exceptions included time spent sleeping and showering. Participants involved in water-based activities were excluded because of the impossibility of using the device under water. All volunteers were asked to maintain usual activities.
Data Management. For the data to be included in the analyses, participants were required to wear the accelerometer for at least four of the seven days. Two files (from two women) were corrupt and two files had only two valid days (from two women). Those four participants were contacted and agreed to wear the accelerometer again for seven days. In total, final data from all participants were included in the analysis (89 files with seven valid days, 22 files with six valid days, and 15 files with five valid days).
The cut-point was set at counts per minute ≥1,041 (moderate to vigorous physical activity, MVPA), which corresponded to a mean VO 2 of 13 ml • kg −1 •min −1 , based on the counts associated with a reference activity of walking at 3.2 km h −1 (Copeland & Esliger, 2009 ). This cut-point is substantially lower than the cut-point of 1,952 counts min −1 that is typically used for moderate activity in younger adults (Freedson, Melanson & Sirard, 1998) .
Outcome Measures. The average daily value for MVPA in at least 10-min bouts was chosen as the main objective PA outcome, as guidelines recommend that older adults should accumulate at least 30 min d -1 (in bouts of at least 10 min each) of moderate-intensity activities, or at least 20 min d -1 of continuous vigorousintensity activities (Chodzko-Zajko et al., 2009) . Mean daily (4-7 days) step-count and activity counts per minute were also analyzed.
Statistical Analysis
Data were checked for distribution, and the means ±SD were calculated. Comparisons between groups were performed with Student t tests (parametric) and Mann-Whitney U tests (nonparametric). Correlations were determined using Pearson (parametric) or Spearman (nonparametric) correlation coefficients, and a stepwise multiple regression analysis was used to determine the independent effect of parameters related to walking ability. A predictor was entered into the model at p ≤ .05 and removed at p ≥ .1. Analyses were performed on the entire cohort and after a median split analysis (based on distance walked) that divided participants into slower and faster walkers, and a multiple stepwise regression analysis was performed for both groups. To assess multicollinearity of the regression model, we checked the tolerance. A tolerance less than 0.4 indicates that the model is problematic (Chan, 2004) . All statistical analyses were performed using SPSS (version 16.0) for Windows with a significance level of .05 (two-tailed). Table 1 lists the demographics and descriptive parameters of the participants. Their age range was 60-91 yr with a mean age of 69 yr, most were women (91 women, 35 men), and 38.1% were obese. Based on 30sCST performance, 6.3% of the participants (8/126) were classified as having low performance according to their age and sex (Rikli & Jones, 1999b ; score <25th percentile), while 29.4% of the participants (37/126) exhibited high performance (score >75th percentile). According to 6minWT performance normative scores for older adults (Rikli & Jones, 1999b) , values between the 25th and 75th percentiles were identified for 79 volunteers. On average, participants achieved 85 min of MVPA per day, while only 2.4% of the participants (3/126) did not reach recommended levels of at least 30 min d -1 (total minutes of MVPA divided by total number of valid days).
Results
Sociodemographic Variables
As expected, height, weight, total BMD, percent FM, aFMI, aLMI, 30sCST, and 6minWT differed significantly between men and women (Table 1 ). In contrast, age, BMI, and patterns of PA (MVPA, daily step-count, and daily activity counts min -1 ) did not differ significantly between the sexes. Moreover, prevalence of obesity was similar for women (38.5%) and men (37.1%). Table 2 shows the relationships between 6minWT and independent variables. As might be expected, there were significant associations among the independent predictor variables (age, sex, body composition, physical activity, and lower extremity muscle strength; r range = .19-.50). Muscle strength showed the strongest association with walking performance (r = .50, p < .001). Table 3 shows descriptive parameters of slower versus faster walkers. The prevalence of males and females was similar between groups (slower walkers, 27.3% males and 72.7% females vs. faster walkers, 28.3% males and 71.7% females). Slower walkers had a higher prevalence of obesity compared with faster walkers (42.4% vs. 33.3%). Body height, body weight, and body composition did not differ significantly between the slower and faster walkers. However, faster walkers were significantly younger, had significantly higher 30sCST performance, and spent more minutes per day in MVPA.
Correlations: 6minWT and Independent Variables
Slower Versus Faster Walkers
Predictors of Walking Performance
Using stepwise linear regression analyses, we found that the measures of lower extremity muscle strength, aLMI, BMI, and age were all significant predictors of walking performance in the final model, explaining 44.3% of the variance (Table  4) . Analysis showed that 30sCST was the most important predictor of walking performance, accounting for 29.1% of its variance (model A). Adding aLMI, BMI, and age accounted for an additional 15.2% of the variance. In the final model (D), the strongest predictor of walking performance was aLMI (Beta = .416), and age had a weaker association (and also a negative effect) with walking performance (Beta = -.216).
Predictors of Walking Performance for Slower and Faster Walkers
For each group, multiple stepwise regressions were performed to determine the independent contributions of those parameters that showed a relationship with walking performance (Table 5 ). In the final multiple stepwise regression model predicting walking performance for slower walkers, aFMI, MVPA, 30sCST, and aLMI were significant predictors of ambulatory function, accounting for 48.6% of the variance (p < .001) in walking performance. Moreover, aFMI was the strongest predictor, although this variable had a negative effect on walking performance, and MVPA and aLMI showed a weaker association (Beta =.20). For faster walkers, aFMI and aLMI explained 31.4% (p < .001) of the variance in walking performance. Of note, aFMI was the strongest predictor and had, as expected, a negative effect on walking performance. 
Discussion
The present study tested the hypothesis that collectively, objective measures of PA, body composition, and lower limb strength are associated with walking ability. The results suggest that lower extremity muscle strength, aLMI, BMI, and age independently influence walking performance, explaining 44.3% of the variance. Muscle strength was the best predictor of walking performance as measured by 6minWT.
Our findings also showed that different predictors explain the variance in walking performance when the level of performance is taken into account. In fact, aLMI remained a significant predictor in all multiple linear regression analyses. Lower extremity strength was also a significant independent contributor to walking ability in the entire cohort and for slower walkers, while aFMI was a significant predictor for both sample groups, based on walking distance. In contrast, MVPA was a significant determinant only in the regression model using data for the slower walkers, and BMI and age were only entered into the model that included all participants. MVPA, measured by accelerometry in this study, was moderately correlated with walking performance but was a significant predictor of walking ability only for the slower walker group. Despite methodological differences among the studies, our results are somewhat in accordance with data from Buchman et al. (2007) and Koster et al. (2008) , who recently reported that PA was a relatively independent predictor of mobility decline in older persons. Interestingly, Buchman et al. (2007) found that each additional hour of PA at baseline was associated with an approximately 3% decrease in the rate of mobility decline. However, those studies had a prospective design and used self-reported measures to assess PA, with change in mobility (Buchman et al., 2007) and self-reported mobility limitation (Koster et al., 2008) as the independent variables. On the other hand, a lack of a significant influence of MVPA in 6minWT variance for the total sample and faster walkers was observed in the present investigation. Similarly, Valentine, Misic, Rosengren, Woods & Evans (2009) reported that PA measured by questionnaire had no association with lower extremity physical function. At this time and as far as we know, all studies that have examined correlates of 6minWT have included only PA as a confounding variable or describe no data regarding the PA domain. As might be expected, quantitative measures provide more accurate information regarding the role of PA in exercise tolerance variance. However, we emphasize that the cut-point used here to define MVPA was obtained from a small sample of older adults and that no vigorous activity was included in the calibration protocol (Copeland & Esliger, 2009) ; thus, the accelerometer-count cut-point might generally overestimate the time spent in moderate activity and might not be generalizable to all older adults.
Most studies that have assessed the influence of body composition and muscle strength on physical function used self-reported measures of mobility or a score for several physical performance measures (i.e., standing balance, gait velocity, stair-climb, chair-rise). Other factors, such as maximal oxygen uptake or ventilatory anaerobic threshold may also play a determinant role in the prediction of walking performance. However, the current study focused on aspects of motor and functional performance.
It has been reported that anthropometric indices are important predictors of 6mWT. Indeed, our observation that aLMI, BMI, and age were significant predictors of walking ability is somewhat in accordance with previous studies (Enright et al., 2003; Enright & Sherrill, 1998; Troosters, Gosselink & Decramer, 1999) . For instance, data from Troosters et al. (1999) showed that age, gender, height, and weight explained 66% of the 6minWT distance variability in a sample of participants ages 50-85 yr. Conversely, the finding of a significant contribution of aLMI and not aFMI in our study is not in agreement with other studies. A growing number of prospective studies has associated body composition with changes in mobility disability. In general, some have shown that higher FM is a more important factor than low LM (Davison, Ford, Cogswell & Dietz, 2002; Jankowski et al., 2008; Visser et al., 1998) , whereas others have found an independent effect of low LM on mobility-related disability (Janssen et al., 2002; Newman et al., 2006) . Some authors have even found that both increased FM and decreased LM are associated with greater functional disability (Broadwin, Goodman-Gruen & Slymen, 2001 ). Likewise, the moderate correlation between BMI and walking ability is not a widespread finding, as some studies have found no associations (Bautmans, Lambert & Mets, 2004; Camarri et al., 2006; Patterson et al., 2007) , whereas others have reported opposite outcomes (Enright et al., 2003) .
As we anticipated, our data revealed a significant correlation between lower extremity strength and walking ability, which others have previously demonstrated (Harada, Chiu & Stewart, 1999; Troosters et al., 1999) . In fact, several studies have suggested that poor lower extremity muscle strength contributes to mobility decline in older adults (Buchman et al., 2007; Visser et al., 2005) , but the influence of muscle strength on 6minWT is not well established. We found that muscle strength was a significant predictor of walking performance for the entire sample and for the group of slower walkers. Although our results are in accordance with data from Harada et al. (1999) , who found that lower body strength was an important factor involved in determining walking ability in older adults, other studies have not found a relationship between leg strength and 6minWT performance (Troosters et al., 1999) or loss of ability to walk (Chang et al., 2004) .
Collectively, the findings from the current study may in part conflict with previous results because the other studies relied, at least in part, on self-reported measures of physical function (Bannerman et al., 2002) or PA (Camarri et al., 2006; Troosters et al., 1999) , or reported no data regarding muscle strength (Bautmans et al., 2004) or FM and LM indices (Bautmans et al., 2004; Enright et al., 2003) . By contrast, the current study included objective measures of all the studied variables.
To the best of our knowledge, only one study has investigated whether ambulatory function is influenced by different factors according to severity of gait deficits (Patterson et al., 2007) . Our present results demonstrated that for slower walkers, aFMI, MVPA, 30sCST, and aLMI are significant predictors of ambulatory function, accounting for 48.6% of the variance, and for faster walkers, aFMI and aLMI explained 31.4% of the variance in walking performance. These results are not fully consistent with those of previous reports, likely reflecting differences in sample characteristics (i.e., well-functioning participants versus patients with chronic hemiparetic stroke) and testing methodology.
Regarding the remaining unexplained variability in 6minWT, health status has been found to be a significant predictor of 6min walk distance in older adults (Bautmans et al., 2004) . However, we did not measure this parameter in our study.
Our study has a few potential limitations. First, because of the cross-sectional design, a causal relationship between walking ability and significant predictors cannot be established. Second, although participants were instructed to maintain their physical activity routines, it should be noted that their involvement in the study, including the use of the accelerometer, could have promoted behavioral changes that might have included increased physical activity habits. Finally, the results of this study may not be generalizable to all older adults, given the functional and health status of our sample.
The results of the current study lend support to the idea that MPVA is associated with walking performance in lower-functioning older adults, whereas FM and LM have specific influence on walking ability in higher-functioning older adults. Thus, interventions designed to prevent or delay decreased walking performance should focus on increasing lower body muscle strength, improving body composition (especially increasing LM), reducing time spent in sedentary behavior, and increasing time spent in both light activity and MVPA. Of importance, evidence indicates that physical exercise (endurance, multicomponent, or strength training) can substantially increase two modifiable physiological parameters, muscle strength and walking speed, in older adults (Carvalho et al., 2008; Marques, Carvalho, Soares, Marques & Mota, 2009; Sipila, Multanen, Kallinen, Era & Suominen, 1996) . Thus, the present findings point toward specific objectives that will likely involve PA and exercise and should be highlighted as important public health concerns.
